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Leafy Spurge, Euphorbia Esula L.l 
By A. L. BAKKE 
Leafy spurge (EttphoTbia Esula L.) has become a serious 
menace to agriculture in northwest Iowa and in the adjoining 
states, Minnesota, North and South Dakota. It was collected 
at Mount Pleasant (Henry County) in 1899 and at Ames (Story 
County) in 1907. This weed seems to develop most vigorously 
in northwestern Iowa, where large patches occur on many 
farms. In order to determine the most effective means of ex-
terminating this weed pest, it was necessary to learn more 
about its life history, growth, habits and structure in areas 
where it was well established. 
An attempt has been made in this publication to place leafy 
spurge in its correct place taxonomically and to discuss the 
flowering, fruiting habits, pollination, seed studies, seed dis-
persal, root system, leaf, stem and root structures. 
DESCRIPTION 
Leafy spurge is a deeply rooted perennial herb 8 inches to 3 
feet tall with simple or clustered stems topped by a many-rayed 
umbel. The linear lanceolate leaves, 4 mm. to 12 mm. wide 
and 3 to 8 cm. long, are scattered in relation to stem, except 
those subtending the umbel. These are lanceolate, oblanceolate 
or even cordate. The leaves are without petioles and are bluish 
green in color. The flowers are somewhat inconspicuous and 
are greenish yellow in color. The plants occur more often in 
clumps than singly, and for that reason spurge infestations may 
be seen from a distance. During late summer the leaves be-
come brownish orange in color. When the leaves, stems and 
rootstocks are injured they exude a milky juice. The plant is 
one of the first weeds to resume growth in the spring. By the 
middle of April many shoots are 6 inches in height,and by the 
first of June the plants are in full blossom. They are then able 
to compete successfully with small grain (fig. 1). Leafy 
spurge responds readily to the soil moisture supply. When 
'This study has been in progress since 1930 at the Field Weed Laboratory 
of the Iowa Agricultural Experiment Station. northeast of Hawarden on the 
Walter Scott farm. Thanks are due Mr. Walter Scott, the owner, and Mr. Elmer 
Younie, the operator, for their cooperation in conducting the field experi-
ments; also to the Hawarden Chamber of Commerce and the Sioux County 
Farm Bureau for their kindly interest. The author is grateful to Dr. I. E. 
Melhus for his interest in the problem and his help in preparing the manu-
script. During 1932 and 1934 Mr. Ben C. Helmick very faithfully and en-
thusiastically assisted with the investigations until his death, September 5, 
1934. Miss Marie A. Corkle has given material assistance with the drawings. 
This work was done under Station Project No. 303 entitled "Factors de-
termining the annual spread of Oonvolvulus arvensis (European bindweed) 
and Euphorbia Esula (leafy spurge)." 
the ground is moist 
the leaves become larg-
er, more abundant and 
the individual plants 
taller. Under s u c h 
conditions flower and 
see d production is 
abundant (fig. 2). Un-
der ·extremely dry con-
ditions the plant often 
ceases to grow and 
does not blossom. Such 
a condition is met with 
during' July and Au-
gust ,\"hen the rainfall 
is low. Leafy spurge 
propagates by means 
of seeds and roots . In 
northwestern I 0 w a 
seed setting usually 
begins the first of 
Jun e and continues 
until frost, depending 
1 a l' ge l y upon the 
amount of rainfall. 
The roots penetrate 
deeply into the soil 
and make competition 
difficult for 0 the l' 
plants. Through its 
seeding and by the 
de e ply penetrating 
roots, i n d i v i d u a 1 
plants of leafy spurge 
soon produce patches 
where no other plants 
c an establish them-
selves. 
Leafy spurge occurs 
in pastures, and in 
fields of small grain, 
corn (fig. 3) and for-
age c l' 0 P s, a I 0 IT g 
d i t c h e s, i n waste 
places, 0 l' woo d e d 
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areas, and if left un- Fig. 1. E1!pho1' bia ES1!la L. L eafy Spurge. 
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Fig. 2. Phot0graph showing fruiting of leafy spurge. (1. E. Melhus) 
disturbed the areas become larger year by year. On account 
of its acrid latex neither sheep nor cattle will eat leafy spurge. 
Sheep in an enclosed area, however, will eat it if starved. Esser 
(10) has reported the spurge as being poisonous. At the 
Hawarden Laboratory sheep and cattle have been pastured 
where spurge is abundant and no fatalities occurred. 
DISTRIBUTION OF EUPHORBIA ESULA IN IOWA 
Leafy spurge is not indigenous to the United States but has 
been introduced from Europe where, according to Hegi (13), 
it was known as early as the year 1000 when it was designa,ted 
by Hildegard (15) as wolf's milk. In many localities in Europe 
it still is known by this name. The species is known to occur in 
Germany, southern Sweden, Finland, northern Spain, northern 
Italy, Roumania, central Russia, Siberia, Persia. It has been in-
troduced into China: and North America. 
Leafy spurge is· not a new plant to North America or to the 
United States. According to Britton (3), it was collected as 
early as 1827 at Newbury, Mass. The plant is known to occur 
from the Atlantic to the Pacific and has been reported from 
Maine, New Hampshire, New Jersey, Pennsylvania, Michigan, 
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Indiana, Wisconsin, Illinois, Iowa, South Dakota, North Dakota, 
Nebraska, Montana, Colorado, Idaho and Washington. It is 
somewhat r ar e in most of the states enumerated, but is common 
in northwestern Iowa, eastern South Dakota, eastern North Da-
kota and western Minnesota. Muencher (20), however, has 
stated that it is to be found in 15 counties in the state of New 
York. It is also prevalent, according to Batho (2), in the 
Canadian provinces of Manitoba and Saskatchewan. It was 
reported as early as 1902 from the province of Ontario, as shown 
by a specimen deposited in the National Herbarium at Wash-
ington.2 
A specimen of E ttph01'bia Esula L. collected by J. H. Mills at 
Mt. Pleasant, Iowa, 1899, and deposited in the herbarium of the 
"Privat e communication of J. V. Norton, N a tion a l Museum, W ashing ton, 
D . C. 
Fig . 3. Photograph s howing leafy spurg-e in corn ge ld on Scott Far m, 
Hawar den, I owa. Sept . 25 , 1933 . ( 1. E. Melhus) 
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University of Iowa is the first authentic record of its presence 
in Iowa. L. H. Pammel collected it at Ames along the Chicago 
and Northwestern Railroad bed in 1907. Since that time it has 
become a serious menace in Sioux, Cherokee, Clay, Lyon and 
Delaware counties. It is common in Plymouth, Woodbury, 
Osceola, 0 'Brien, Dickinson, Clay, Buena Vista, Carroll, Story, 
Muscatine and Henry countics. In Henry Coun1y, where leafy 
spurge was first collected, it is still not common. 
INTRODUCTION OF LEAFY SPURGE 
It is difficult to state definitely the time and manncr of intro-
duction of Euphorbia Esula L. from Europe and how it has be-
come well established in certain sections of Iowa, and other re-
gions. Batho (2) reports that it was introduced into southwest-
ern Minnesota in oats brought from southern Russia in 1890. 
In Manitoba the weed is particularly abundant on 1he land 
farmed by the Russian Mennonites. In the Hawarden area, and 
in Union County, South Dakota, lcafy spurge has been lmovm 
to farmers for more than 15 years. A specimen collected by A. 
G. Johnson, at Brookings, South Dakota, in 1902, is deposited in 
the herbarium of the Missouri Botanical Garden. C. O. Stevens, 
seed analyst of the North Dakota Agricultural Experiment Sta-
tion, reported to the author in 1933 that spurgc seed has never 
been found in secds analyzed in their laboratory for purity: 
Oats harvested on the Scott farm at Hawarden in 1930, how-
ever, had as many as 200 secds to thc bushel. When onc is not 
familiar with the seed and when oats arc not cleaned before 
they are sown, and where it is customary as in many farming 
scctions to obtain secd from neighboring farmers, the presence 
of the sccd might readily bc overlooked. Newly infested areas 
might then easily arise. 
EUPHORBIA ESULA L. AND EUPHORBIA VIRGATA 
W ALDST. AND KIT. 
In a recent publication by Hanson and Rudd (12) the species 
has bcen designatcd as E1tZJhorbia virgata Waldst. and Kit. 
Whether there is any neccssity for this change of name can be 
best determined by an examination of the characterizations of 
the species Euphorbia Est~la L. and Enphorbia virgata Waldst. 
and Kit. (28) since the first descriptions were made. Since the 
public:ltions are not available in many libraries, descriptions 
given by these authors are included. 
E1~phorbia Esula L. Euphorbia wnbella rnultifida: dichorn-
torna, involucellis St~bc01'datis, petaZis s1lbicornibns, ?"antis sterili-
bt~s foliis ,!Lnifonnibus. 
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Tab. 162. 
EUPHORBIA VIRGATA. 
E u ph orbia urn bella multifida: bifida; im'oluceJlis fubtriangularibus; retali. 
mcornibus; foliis Cemlibus, erectis, fuperioribus latioribus; capfulis fcabris. 
RADIX perennis limplex, profunde desccndens, extus obfcure fusca, intlls al. 
ba, Cauciata lac candidum fundens. 
CAULES 3.6 ex eadem r.dice, culmo Tr i tic i paulo cramores, fubbipedales, 
flricti, teretes, nmplices, infra nmbellam pedunculos aliquot foliis breviores, ral'O 
longiores edentes, nec nin in Colo fertiliore ramis aliquot Ilerilibus infirllcti. 
FOLIA Cemlia, lanceolato·linearia, acuminata, apice conni"cntia, intc~erri. 
ln'l, plana, nuda, erecta, nervo & marginibus rallidioribus: inferiora cauli adl'lie"ta, 
li'periora, ubi rami /lerites aut pedunculi laterales incipiunt, fuccetTi,'e latiora brevio. 
l"'que, ita, ot ea lanceolata & verfus umbellam tandem OI'ata evada/lt. 
UMBELLA fuboctofida: radii. filiformibus, erectis, roll ice "ix longioribus, vi-
ridi.llavescentiblls, dichotomis: pedunculis dichotomia: nonnin in \'Cgdiore rlanta 
iterum dichotomi., alias billuris: 1I0re lateraH involucrato, altero intra commune in\'O-
IlIceJlum aphyllo. 
INVOLUCRUM univerfale Cuboctophyllum, radiis bre"ius: foliolis ovatis, mu· 
cronatis ', palUltibus, concdvis. In vo I u cella diphylla: foliolis integerrimis, ll,b. 
triangularibus: angulis lateralibus rotundatis, extimo mucronato. 
FLORES breviter pedullculati: primarius masculu., pentapetalus; reliqui her. 
maphroditi, tetrapetali. 
CALYCES obovati, ban angullati, pallide viridi·ftavescentes. 
PET ALA horizontaliter patentia, viridia, bicomia: corniculis obtulis, tandem 
apice Ila,·cscentibus. 
FILAMENT A IS· 15, pallide viridia. Ant her a: obfcure "irides, biloba:: 10. 
bis o,'ato· rotundatis, fubcomprems, parte antica pollen aurantium emittentibus. 
GERMEN fuleis tribus divifum, nudum, poll ftorescentiam emerfum, pedunculo 
recurl'o deftexum. Styli tres, pallide virides, erecti, tandem palenteo & recurvi. 
Sligmata bina, obtufa. 
CAPSULA fuleis tribus proflinde imprems divifa, apiee imprelTa, nuda, punetis 
e1evatis f(abra. S e mill a ovala, grifea, nitida, hinc linea nigra ab uno extremo ad 
"lterum decurrente notata. 
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Tola planta nuda. glabr.l, bctescens. 
Habitat, n altiora loea montofa demas, per omncm fere Hungariam, Croaliam 
&. Sclavoniam locis liecis: velut in aggeribus, marginibus & verfuris agrorum, inque 
prJtis. Floret Majo & Junio. 
Ab E. Efula, cui maxime aflinis ell, ditTert: 1) radice fimplici, descendentc; 
'i) foliis lanceolato .Iinearibus, femlibus, ereclis, fUl'erioribus latioribus; 3) invo. 
lucri fuliolis folia latitudine fUl'erantibus, o<3tis; 4) Floribus pedunculatis; 5) peta. 
lis "iriJibus; 6) Cal'fula I'unctis e1evatis fcabra. 
f: X P LIe " T lOT ABU L A E . 
. 1. Flos. 
b. CapiulJ 
c. Semen. 
Fig. 4. P llOtostatic copy of Waldstein and Kitaibel's origin a l description of 
Eupho"bia viTgata from Rare P lant s of Hungary. 1802-1812. Furnished by 
Arnold Arboretum. 
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Fig. 5. Photastatic copy of Waldstein and Kitaibel'R original drawing of 
EuphoTbia virgata from Rare Plants of Hungary. 180 2-1812. Furnished by 
Arnold Arboretum. 
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Enphm'bia in ennis, foliis lanceolato-linea1'ibns, involuc1'i 1mi-
'IIM'salis folliis Q1Linis ovato-acutis, pm'tialis semiorbic1tlatis. 
Habitat in Gennania, Belgio, Gallia, Flm'es omnes ferliles: 
petala flavescentia. F1'UCt1LS glabe1', Utnbellae caulis latemles 
dichotomae. Linnaeus (18), Species Plant arum T 1. p. 461. 
Waldstein and Kitaibels (29) (figs. 5, 4) origi.nal description 
and drawing have been reproduced from their work on the 
rare plants of Hungary. Hornemann (16) in his illustrated 
flora of Denmark has pictured E1Lpho1'bia ES1tla L. as it is l'epro-
duced here, fig. 6. 
Koch (17) gives the following description of the two speci.es. 
E1tphorbia Esula L. Umbellate, many rooted, repeatedly dichotomous, 
glands two,horned, capsule rounded, back lightly dotted, roughened, 
with smooth seed, leaves lanceolate to linear lanceolate, tapering, smooth, 
margin of tips roughened, slightly petiolate, narrow branched; involucre 
rhomboid, triangular, ovate, wider than long, pointed; glands waxy; 
root branched. In meadows, woods, thickets, ditches. June-August. 
Euphorbia virgata (Waldst. and Kit.) Umbellate, many-rooted, re-
peatedly dichotomous, glands two horned, capsule rounded, back dotted, 
roughened, with smooth seed, leaves linear lanceolate to somewhat 
pointed, gradually tapering, smooth opaque; involucre rhomboid, tri-
angular, ovate, wider than long, pointed; glands yellow; root many 
branched. ' In meadows. Austria. 
Smith and Sowerby (27) present the following description: 
Euphorbia Esula L. Leafy-branched Euphorbia. Gen. Char. Inflated, 
inferior; Nectaries 4 or 5, standing on calyx, capsule stalked, 3-lobed. 
Spec. Char. Umbel of many dichotomous rays. Partial involucra 
somewhat heart-shaped. Nectaries two-horned; all the leaves uniform. 
Euphorbia Esula Linn. sp. 660. The root is woody, creeping and per-
ennial. Stems a foot high or more, erect, smooth, like all the rest of 
the herb. Lateral branches numerous, leafy, chiefly without flowers 
except the uppermost in which respect it agrees with E. Cyparissias 
t.840 but differs in having all the leaves of a uniform size and of narrow 
obovate form. The flowers appear in July in an umbel of many rays 
with heart-shaped involucra. The nectaries are of a tawny brown with 
two horns. Capsules without warts or hairs. 
Reichenbach (24) has illustrated the two species E1Lphorbia 
E wla (4791) and Euphorbia virgata (4792), 
De Candolle (9) in his Prodromus has described both species 
as recorded below: 
Prodromus 637. E. Esula (L. sp. 660). Smooth rhizomes many 
branched, slender with erect little-branched sterns and umbel inflores-
cence, many branched roots, dichotomous; leaves linear, lanceolate to 
oblong-Ianceolate, obtuse, somewhat acute, tip often rough; base fre-
quently tapering; lower petioles much branched, sterile, umbellate, 
sharply lanceolate, floral leaves rhomboid ovate to reniform mucronate; 
involucre, bell-shaped, lobed, broad, truncate, fringed; glands with two-
forked horns; style two-forked, apices thickened; capsule distinctly 
ovate, three furrowed, punctate, roughened; seed ovate, sessile; carun-
cle, sessile orbicular. In meadows and humid European preserves. 
Scotland, Italy, Spain, Russia, Austria, PerSia, Siberia, Manchuria; 
species found growing in 
many habitats and running 
into many forms. 
Prodromus 634. Euphor-
bia virgata (Waldst. and 
Kit.). Root smooth, many 
branched; stem erect, tough, 
rod-shaped with dense fol-
iage branched with much 
bra n c h e d inflorescence; 
leaves rigid, linear, lanceo-
late, tapering somewhat at 
base, apex tapering acutllly ; 
umbels small, oval, floral 
parts mucronate; involucre 
campanulate, lobes oval, den-
ticulate, ciliolate glands 
semilunar, spreading, dentic-
ulate, glandular; style split 
in two, apices thickened; 
capsule somewhat 0 vat e , 
three-furrowed; seed ovate; 
caruncle, sessile, orbicular. 
In Moravia, Bohemia, Aus-
tria. 
Schlechtcndal, IJange-
thaI and Schenck (27) 
have given the following 
description for the two 
species: 
. Euphorbia Esula L. Leaves 
narrow lanceolate or linear 
lanceolate, near the ground 
smaller. Leaves of subtend-
ing bracts lanceolate, leaves 
of the f10wcr somewhat tri-
angular, wider than long. 
The le~R are linear 
lanceolat' t.ly lanceo-
late, slJ; 
E. I" and K. 
;ubtending 
triangular, 
long, nec-
Seed 
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Fig. 6. Euphol'bia Esula from Horne-
mann' s Flora Danica Plate 1270, 1810, 
furnished by Dr. J. M. Gr eenma n. Mis-
souri Botanical Garden, St. Louis, Mo. 
)I'ion (23) published the results of his study 
lis description of' Enphol'bia Esula is as fol-
lu 
Stems about 4 cm. high, striate, many branched below the 8 or 9 
rayed umbel, the lower steriles; rays about 3 times dichotomous, leaves 
crowded below, and more or less scale-like; middle stem leaves 4 to 8 
mm. wide, 3 to 6 cm. long, tapering to the base, but sessile, linear ob-
long or lanceolinear, sometimes oblanceolate, ascending or spreading, 
smooth, entire, acute, mucronate, with an evident marginal line. Those 
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on sterile branches smaller, 2 to 2.5 cm. long, obtuse or acutish; umbel 
leaves lanceolate, 2 to 3 cm. long; fioral leaves broadly ovate, 14 to 16 
mm. wide, 10 to 13 mm. long; involucres 1.5 mm. high, 1 mm. wide, 
lobes ovate, truncate, projectin~ beyond the glands, erect, a few hairs . 
on the edge under the glands fnside; glands semi-lunar, dark-colored, 
1 mm. wide, 5 mm. long, slightly declined, horns short, diverging; 
bracts one-half as long as the involucre, filliform; stamens many; cap-
sule depressed ovoid, 4.5 mm. to 5 mm. wide, 3.5 mm. high, cocci 
rounded, roughened on the back with small ridges and papillae; sulci 
deep, obtuse; styles 2 to 2.5 mjU. long united about one-third of thcir 
length, bifid above, recurved clavate, stigmatose; seeds ellipsoid oval, 
circular in cross section, 1.5 mm. in diameter, 2 mm. long; chalazal 
space shallow; caruncle thin, fiat, orbicular. Naturalized from Europe 
in a few places in the northeastern United States. Specimens examined 
from Mass. (Oakes, Ipswich, Newbury) 1927; Indiana 1876; Maine 
(Parlin Berwick) 1894; New York (Dudley, Groton 1895; Attica 1883). 
Michigan (Lansing) 1892; Beal, Michigan Flora 1892. 
Ostenfeld (23) examined the museum material of Euphorbia 
Salicifolia Host, Euphorbia Esula L. and Euphorbia virgata 
Waldst. and Kit. in Denmark and Sweden and came to the con-
clusion that there were two species represented in Euphorb ia 
Esula L. None of the species are native to Sweden but are es-
capes from cultivation especially in cemeteries or introduced 
from southern middle Europe. 
E . Esula L. Leaves lanceolate or obovate, broadest above the middle, 
rarely same width, bluntly and often broadly pointed, smooth, thin, 
matted (without luster) . The lateral, fioral shoots few, or sometimes 
several, the sterile branches small or somewhat developed, the blade 
only a little smaller than the main branch. Glands with two long well 
developed outstretched horns. 
E. virgata Waldst. and Kit. Leaves lanceolate or linear lanceolate, 
broadest below the middle, pointed, smooth, firm and often with weak 
luster. The lateral fioral shoots numerous ; the sterile branches small, 
or more developed; the blade somewhat smaller than the main branch. 
Glands two-horned, often long and somewhat spreading. 
The most complete description of the two species of Euphorbia 
has been submitted by Hegi (14) in his illustrated kta of mid-
dle Europe. His description is given below: ............ 
Euphorbia Esula L. Shrub with thin slender . 
rootstocks with prominent buds. Stems erect 30 to 
dry leaves dropping off at base, above thickly leaved, ' 
fertile top, striate, light green. Leaves arranged Sf 
long, lanceolate, widest upper one-third, 2 to 4 mm 
protruding, smaller toward the base, sessile or sho 
entire with slight bending at tiV, roughly dented, 
tinct, wavy, curving margin, lower droop, uppe 
rigid, tough, bare, upper side dull green, under si 
leaves of the infiorescence, mostly entire, blm • 
shaped; often the leaves are similar in shape. The sLcdler lea\ Me 
rhombic, or broadly heart-shaped, three-angled, broader than long, 
tapering abruptly, mucronate, tips yellow brown, finally red, apices, 
microscopically serrulated. Generally an umbel, with numerous, slen-
der bending blooming secondary shoots 7 to 13 rays. Rays long, with 
united or one to two stigmas, two-forked. Cyanthium 2.5 mm. long, with 
2 hornlike, yellow or green, later, brown glands; horns often missing. 
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Capsule 3 mm. long, deeply three-grooved, barren. Part of the fruit is 
l'ound,ed from the back, finely wrinkled, warty. Seed 2 mm. long, 1.8 
mm. wide, round, somewhat egg-shaped, smooth, yellow brown, with 
kidney-shaped caruncle. 
Found in large numbers in meadows, steppes, pastures, heather, and 
grassy flood plains, banks, ditches, thickets, in fields, roadsides, railroad 
right-of-ways, rubbish piles, preferring a sandy loam. From the plains 
to the Alps. 
In Germany it is common with the exception of the southwestern part 
and eastern Prussia. In Bavaria on the upper high plains, on other 
high plains along the Danube, from Inglestadt to Vilshafen, Munich, 
Feldmoching, lately introduced at Frising, Landshut, Wolnzach, Den-
golfing, Plattling, in Bavarian foreste at Regenstauf, Schanberg, Bach, 
Stall wang, upper Palatinate forests, French forests sparingly; at Mul-
back near Riedenburg, St. Helena, Kelheim, Keupergebiet, along irriga-
tion channels, Nurenbur, Ansbach. 
General distribution. In Europe is widely distributed from Scotland, 
Denmark, South Sweden, in Finland, Northern Spain, Central Italy, 
North Balkans, Roumania, Central Southern Russia, along Asia, Persia, 
Siberia, East Asia. Introduced in Tsing Tau and North America. 
The species has many forms and definite varieties have been de-
scribed. 
Euphorbia vir!lata Waldst. and Kit. Shrub with well-developed, deep-
ly penetrating, branched root; with and without rootstocks. Stem for the 
most part somewhat flaccid, reaching a height 30 to 150 cm. with numer-
ous non-blooming shoots. Leaves arranged spirally, 5 cm. long, pro-
duced from near the ground, greatest breadth 2 to 10 mm. near the base, 
or below the middle, near the top, generally smaller, slightly prickled 
with entire, crowded, flat entire margin, bare, dull; lateral nerves 
forming acute angle (15 to 30 degrees); leaves of stem considerably 
larger, wider than those of the non-fruiting branches. Bracts of the in-
florescence broadly ovoid tapering to a point, green; the bracts of the 
florets broadly heart-shaped, tapering to a point, wider than long, prick-
ly at end, yellow green. Erect umbel with many blooming; the top 
umbel does not reach the height of the others, many radiations; the 
rays are often divided in two. Cyathium, 3 mm. long, at first green, 
lat.er yellow, olive green to a brown violet, 2-horned, club-like glands at 
toP. Capsule 2.5 to 3 mm. long, with three furrows, smooth. Part of 
the fruit on the back, with wide, somewhat warted vein, the margin 
smooth. Seed 1.8 to 2 mm. long, smooth, usually round, brown violet, 
smooth, with kidney-shaped caruncle. 
-__ Found in loess and chalk steppes in bushes, on ridges, on flood plains, 
raili'oads, roadways, river banks, graves, grain fields, on the plains and 
/" ount~opes . 
.-/ ~. nly in southern range, frequently appearing as a wan-
~er plant. In Bavaria, Germany at Munich, Regenburg, 
'ngen, Frankfort, known for 50 years in Prussia, 
Dresden; in Austria, Bohemia, Switzerland. 
'on; , Switzerland, southwest, middle and eastern 
Poland, northern Balkans, southern and middle 
Various sub-species have been reported. 
Ecologically Euphorbia vi1'gata adjusts itself to various habi-
tats, stony banks, or along streams in association with Phrag-
mites, and Calamagrostis, or with such xerophytic types as Fes-
tuca, Bromus, Nepeta, Astragalus, Artemisia, Cytisus, Achillea. 
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Short descriptions have been given of9.~upho"bia Esula by 
Britton and Brown (4), Gray (1) and Rydberg (26) but 
Euphm'bia vil'gata is not listed as a species by these authors. 
From the above descriptions it appears that at best the differ-
ences between the two species are small. It is a question of dif-
ferences in the bracts sub tending the umbel, the shape of the 
glands and shape of the leaves. In E1tphorbia Esttla the bracts 
are lanceolate, the glands have horns shorter than the width of 
the glands and the leaves are proadest near the apex. In the 
case of Euphorbia virgata the bracts are almost cordate. The 
glands have distinct horns, and the leaves taper gradually to a 
sharp point. . 
It seemed possible that the species in North Dakota and Min-
nesota might be different from those of South Dakota and Iowa, 
but on an examination of plants in these four states it was fonnd 
that they had the same characters, and could be classed under 
one species. 
Specimens collected in Iowa and South Dakota sent to the Na-
tional Herbarium at Washington were designated as Euphorbia 
virgata by C. V. Mort.on. He presented a memorandum giving 
the differences between the two species. They are given below: 
Euphorbia virgata Waldst. and Kit. Horns of the glands of the 
cyathium as long as or longer than the 
width of the gland, clavate, at least some 
of the larger denticulate; leaves linear, not 
narrowed much at the base, tapering grad-
ually to a sharp apex, not serrulate, not 
revolute near base; rhizomes present or 
absent. 
Euphorbia Esula L. Horns of the glands 
of the cyathium, short (or nearly obsolete), 
shorter than the width of the gland, not at 
all clavate, or denticulate; leaves oblanceo-
late, narrowed or even petiolate at base, 
broadest near apex, usually subserrulate 
neal' apex, revolute near base, rhizomes al-
ways present. 
In an examination of the glands in 
specimens collected in Iowa, it was 
found that they varied considerably, 
even in the same plant. Figure 7 
shows different types of these glands. 
In examining plants at the Field Mu-
seum, Chicago, and at the Missouri 
Botanical Garden the same situation 
was met. 
As to the bracts subtending the um-
bels, it has been found that they vary 
considerably. Certain specimens of 
leafy spurge may have lanceolate 
Fig. 7. Variatl ons In 
s hape of n ec tar gl a nus of 
leafy spurge. 
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bracts and bracts somewhat cordate alI I on the same plant. 
It is true that in' some cases these t bracts from plants 
growing in one place may be lanceolate and in another 
case cordate or heart-shaped. This was r fmind to be the case 
in spurge northeast of Hawarden at o11r laboratory and the 
spurge southwest of Hawarden on the 'hoemaker farm. The 
plants of the former more often had bra ts which were lanceo-
late, while those of the latter offen were heart-shaped. Then 
again there were both lanceolate. and he'art-shaped bracts upon 
the same plant. I 
TABLE 1. MEAN WIDTH (MILLIMETERS) OF LEA "ES OF VARIOUS SPECIMENS 
OF EUPHORBIA ESULA L. AND EUPHORBIA 1RGATA WALDST. AND 
KIT. IN THE HERBARIUM OF THE ( IELD MUSEUM. 
U Part of leaf Specimen I f Upper Middle 
I 
Basal 
third third third 
-I 
Euphorbia Esula L. 4 5 4 Cambridge, Wis. 5 5 5 May 27, 1927 l 4 4 4 
Euphorbia E sula 2 4 5 Fargo, N. Dak. 3 4~ 6 July 8, 1915 
I 
3 4~ 5 
Euphorbia E suZa 4 3~ -Newbury Point, Mass. 3Y.! 3~ -
<,~ 3 -
Euphorbia Esula 3y'! 4 4 
Cambridge, Wi •. ~~ 4y'! 4y'! 1929 I-- 2 ",--4 3y'! 
Euphorbia virgata 4y'! 4 -
5y'! ~~ -
I 5 Euphorbia E8ula, 330658 6 6 4 Blakinge, Wideby, 7 6y'! 6 Rudolph Birghini I 6 5 5y'! 6/20/1858 
Euphorbia EsuZa, 97091 3y'! 4 Bohemia, W . Camelin, Stuttgart 
·4 6 1873 , 4 
Euphorbia EsuZa, 67799 
'3 7 8 Bracts sub tending umbel !~ 7Y.! 7 distinctly lanceolate, 1870 5 5 
Euphorb-2; EauZa, 411212 
II 
.~ 3 5 Berlin (C. Schippig) 
- 4 6 Bracts lanceolate 
.- 3 4 
Euphorbia E8UZa, 338302 II 5 6 -A. Gronvau, Sweden 'J 7 -Bracts, somewhat oval 
:1 
6 6 -
Euphorbia Esula, 338302 4 7 -Italy 4Y.! 9 -A. F. Nigre, 1876 
I 
3 7 -
Euphorbia virgata, 411215 4 6 3 Fl. Bevol. Bauleriain Bellevue II 6 8 4 An. der Lessing Strasse, 4 7 3 y'! B. Schippig, Berlin 
I Bracts here somewhat cordate. 7-7-1890 , 
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The other character which is often used to differentiate the 
two species is the width of the leaves in the upper one-third of 
the blade where it is broadest. Measurements of the leaves of 
plants bearing the label Euphorbia Esula and Ettphorbia vir-
gata were made at the herbarium of the Field Museum. A leaf 
was arbitrarily divid~~d into three parts, upper one-third, the 
middle one-third, and the basal portion and measurements in 
millimeters of the width of three leaves from eaeh specimen were 
made. 
From the specimens examined, collected in various parts of 
the world, it is seen t}:lat there is no definite size conformation 
of a prescribed portion of a leaf. Measurements of leaves at 
the herbarium of the J\fissouri Botanical Garden and of pla'nts 
at Hawarden have brpught out a similar situation. Further 
study of the differenc~s between these two species was made 
at the Missouri Botanical Garden during the spring of 1934 
with the assistance o£ Dr. J. M. Greenman. The conclusion 
was that the different ating characters merge into each other 
to the point where the two species E. vil'gata and E, Esula can-
not be differentiated. 
Prof. G. Samuelson, I>irector of the Botanical Department of 
the Swedish National :Museum of Natural History, writes, 
"Swedish botanists havtl tried to differentiate the two plants but I 
must say with little success." 
Mr. Carl Blom of 'the Botanical Garden of Goteborg (Gothen-
burg), Sweden, com.muJ icates as follows: 
"I have examined ll. gr~at number ot specimens from Europe espe-
cially With respect t~ 'orm of the leaves, the horns and the micro-
scopic serrulations on the leaf points. However, I have not been able 
to differentiate the two pl~ltS. 
"Therefore I mean the tJl'O species to be one and the same (Euphor-
bia ES1aa L.) though very variable." 
In view of the fact hat Euphorbia Esttla L. was named by 
Linnaeus in 1753 and ~uphol'bia virgata was not coined until 
1810, the prior right i1 in favor of Euphorbia Esula L. and 
should, therefore, st'and. The author sees no reason for mak-
ing a change. It ~im ly will lead to more confusion. The 
species, then, is design ted accordingly as Ettphorbia Esnla L. 
t 
GENERAL CliARACTERS OF EUPHORBIA 
The genus Euphol'bi~ is a large one and is made up of 700 
species. Comparati~el' few occur in . America. The largest 
number of the species i North America occur in the southwest-
ern section of the Unit~d States and are xerophytic in habitat. 
The plants may be annuals, biennials, or perennials. They 
usually branch at the ~rown and in the axils of the scattered 
leaves. The main ste is terminated by an involucre usually 
abortive. This is surr)un.ded by branches forming an umbel. 
, 
,c 
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The bracts subtending the umbel are usually different from the i£.. 
leaves of the main stem and branches. The genus is character· 
ized by its peculiar type of flowers which is known as a 
cyathium. The cyathium consists of a single terminal long-
stalked female flower surrounded by a number of staminate 
flowers, each of which is stalked and consists of a single stamen. 
The pistillate and staminate flowers are surrounded by a cup-
like structure, the involucre. The whole cyathium is encfosed 
by five involucral bracts, alternating with four nectar-secreting 
glands. The fifth gland is wanting. This permits the female 
flower to hang down in this gap. 
At least 16 species of Euphorbia have been found in Iowa 
since 1874: Euph01'bia heterophylla L., 1874; E. Cyparissias 
1875; E. obtttsata Pursh., 1878; E. rnamtlata L. 1879; E. corol-
lata L., 1880; E. cornrnutata Engelrn., 1881; E. glyptospenna 
Engelm., 1882; E. Peplus L., 1891; E. Preslii Guss., 1892; E. 
dentata Michx., 1892; E. rnarginata Pursh., 1892; E. petaloidea 
Engelm.; E. serphyllifolia, Pers.; E. hexagona Nutt., 1894; E. 
serpens H.B.K., 1894; E. Esula L., 1907. 
A specimen labeled Euphorbia lucida Waldst. and Kit., is to 
be found in the herbarium of Iowa State College. The leaves 
are too small for this species as the leaves of Ettphorbia lttcida 
are large, willow-like leaves, with a usual width of 1% centi-
meters. It has not as yet become a troublesome weed in the 
United States. In the state and this section of the Middle 
West the species which is a menace to agriculture would appear 
to be Euphorbia Esttla L. 
FLOWERING AND FRUITING HABITS 
In the vicinity of Hawarden, Iowa, leafy spurge begins to 
blossom about the first of June. In 1934, because of the mild 
winter, leafy spurge began to blossom the middle of May. From 
June until frost, ripe fruits may be found. The same stem will 
produce seed over a period of several weeks, and if undisturbed 
the same plant will produce two or more crops of seed stalks 
during a season. Individual seed stalks produce under normal 
conditions in a corn field from 10 to 50 fruits containing usually 
three seeds each, while large plants in undisturbed places may 
produce hundreds of fruits. 
The detailed study of the flowering and fruiting structures 
shows many interesting characters. Each pedicel of the umbel 
bears a single terminal inflorescence from which two opposite 
branches arise; each of these in turn produces a single terminal 
inflorescence, which produces opposite branches from below 
the inflorescence, until the single original floral branch has 
divided into 8 to 16 branchlets and an inflorescence has been 
developed above each place of branching and at the end of 
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each branchlet. In this manner as these bloom progressively, 
each flower stalk remains in bloom over a considerable period, 
during some part of which conditions are very likely to be 
favorable for the setting of seed. The individual inft.orescence 
or cyathium, in this species, consists of a naked, central termi-
nal female flower surrounded by 15 to 20 male flowers each a 
single naked stamen; the whole is enclosed in the typical 
bracts (fig. 8). The inflorescence shows a definite protogynous 
dichogamy which almost precludes self fertilization. The fe-
male ft.ower develops first and pushing up into the opening be-
tween the bracts fills this space. The transfer of pollen from 
the male to the female flowers of the same inflorescence is pre-
vented even though the male ft.ower should dehisce previous 
to the pollination of the female ft.ower. Upon pollination of 
the female flower, its pedicel elongates and becomes curved so 
that the fertilized ovary hangs inverted between the two bracts 
where no gland is present (fig. 8). As soon as the female flow-
) ( 
Fig. 8. Cyathium of leafy spurge showing: a. Female flower. b. Male 
fio\vers. 
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Fig. 9. Anthers of male florets of leafy spurge in dehiscence: a. Early. 
b. Late. c . Group of pollen grain s. 
crs have pushed through the opening between the bracts and be-
come inverted, the male flowers come. up through the opcning, 
two or three at a time. The anthers dehisce liberating the ad-
hering pollen which clings to the anthers in sticky masses 
(fig. 9). 
As in the other members of the genus, the entire cyathium 
is enclosed by five bracts, united almost to the tips, leaving only 
a small opening through which the flowers push. Alternating 
with the bracts and situated at the point of union of the bracts 
are four shield-shaped two-horned yellowish green glands (fig. 
6). The fifth space between the bracts is open and it is into 
this space that the fertilized female flower bends. The female 
flower, under normal conditions, becomes fertilized and in-
verted in 24 hours after protrusion through the opening be-
tween the bracts, and in another 24 hours, the male flowers 
have begun to emergc. By the end of the ninth day the capsule 
is full grown but does not ripen and open for some time after 
this (fig. 8). The capsule of the developing female flower C011-
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tains three ovules hung from the top of the central placenta to 
which they are attached (fig. 10). The capsule itself consists 
of three locules, each containing one seed (fig. 11). The walls 
of these locules are made up from the inside to the outside of 
three distinct layers of columnar cells whose units are about 
20 x 150 JL. These layers are evidently contractile tissue, a 
layer of parenchymatous tissue and the epidermis. The out-
side row of parenchyma tissue contains chlorophyll in the 
younger stages (fig. 12). The development of the capsule is 
indicated in the following observations. On the afternoon of 
Aug. 1, 1932, the female flower was just protruding' through 
the opening between the bracts; on the evening of Aug. 2, the 
pistillate flower had become fertilized and was becoming ex-
truded and inverted. On the next day the staminate flowers 
were protruding through the opening between the bracts; on 
Aug. 9 the capsule or fruit was almost full grown; finally on 
Aug. 31 the capsule had split and the seeds were dehisced. 
The inside layer of the capsule is made up of columnar cells, 
and is rather thin, about 48JL. There are three or four rows of 
cells with their axes placed in a longitudinal direction. The 
middle layer is thick, 150JL, consisting of a single tier of radially 
arranged cells. The outer row of columnar cells is of inter-
mediate thickness, about 80JL, and the cells are imbricated hori-
zontalJy toward the lodicular 
suture. Upon maturity these 
columnar cells lose water and 
upon drying tend to pull all 
the edges of the locule to-
gether, thus putting a strain 
on the whole capsule; when 
the capsule finally breaks it 
does so with explosive force. 
This explosive b l' e a kin g 
apart of the capsule seg-
ments throw.s seed and locu-
lar segments of the capsule 
wall away from the point of 
attachment. So powerful is 
this explosion that the seeds 
are often thrown 15 feet. A 
screen-covered box of mature 
capsules, set in the sun on a 
dry day, reminds one of a 
popper of corn over a slow 
fire. Fig. 10. Seed attachment In leafy spurge fruit. 
YOUNG SEEDLING 
CARPEL SPLI TTING 
SHOWING SEED 
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LEAFY SPURGE· · EUPHORBIA ESULA 
SEED 
~ Cl (:' ~ONGITUDINAL SECTION OF CAPSULE 
("' 
h CROSS SECT:N OF CAPSULE ~~5~~~ 
~ ~ """" W,," 
GROSS SECTION OF 
CAPSULE· · SE EDS REMOVE D 
m'c'''"''~ 
EMPTY VALVE 
Fig. 11. Fruit a ml seed of leafy spurge showing the nature of germination 
of the seed and the ,ievelopment of young seedling'. 
b 
Fig. 12. a. Cross section of capsule of leafy spurge showing seeds. b. 
Cross section of capsule wall revealing tissues which compose it. 
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POLLINATION 
The matter of pollination of the Euphorbiaceae has bcen 
given some attention by Robertson (25). Euphorbia corollata 
between July 6 and Aug. 22, 1924, had 52 insect visitors: short-
tongued bees 7, other Hymenoptera 22, Diptera 21. Euphorbia 
Preslii, Aug. 11, 1924, 7 visitors: short-tongued bees 1, other 
Hymenoptera 3 and Diptera 3. Pammel and King (22) in their 
studies found that Enphorbia marginata Pursh., E . heterophylla 
L., E. corollata L. were visited by the honeybe·e. 
The fact that the female flowers emerge and become inverted 
before the appearance of the male flowers indicates cross-pollina-
tion by either wind or insects. The sticky nature of the pollen 
(fig. 9 c.) strongly suggests insects as the principal agent. To 
test the sJIPposition of insect pollination two separate plants 
were enclosed in screen-covered cages just as the inflorescences 
were starting to develop. The cages were left over the plants 
from Aug. 2 to August 25, 1932, and not a single seed developed 
on either plant though adjoining plants outside the cages pro-
duced fruits in abundance. This indicates that under natural 
conditions leafy spurge is almost entircly insect-pollinated'. Ob-
servations were begun to determine the insect or insects pri-
marily responsible for the transfer of pollen. Insects of many 
kinds were collected from spurge plants and examined for the 
presence of pollen, but only on two species of insects was any 
pollen found. On one of these, the green bug, Thyanta custatoq' 
(Barb), one of the commonest Pentatomidae of this section, 
pollen grains were only occasionally found, though this insect 
was usually present on leafy spurge plants. The soldier beetle, 
ChatdiognathtLS pennsylvanicus De. Gur., was rather common, 
and th.e pollen of leafy spurge was nearly always found on its 
body. Apparently the soldier beetle is one of the important 
agents of pollination. 
On June 1, 1934, the following insects3 were collected from a 
spurge area at Hawarden: false chinch bug, tarnished plant 
bug, leaf bug, a species of spider, ladybird beetles, green spider, 
third instar grasshoppers, Corisus sp., a coreid, C. antennatoq', 
gray blister beetle. From the number of insects present, it is 
evident that facilities are present for pollination. Because the 
pollen grains are sticky, pollination by wind is negligible. 
SEED STUDIES 
DESCRIPTION OF SEED 
The seed of Euphorbia Esula is roundish oval, somewhat kid-
ney-shaped, smooth, yellow, brown or gray in color, usually 
'Private communication of Dr. C. J . Drake. 
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between 2 and 2Vz millimeters in length and 1Vz millimeters in 
width. The gray color belongs to the immature seeds while the 
mature seeds are brown. The conspicuous caruncle, is present at 
the narrow end. 
The seed coats readily split apart on germination, revealing 
this caruncle. This structure often remains attached to the 
seed coat after the cotyledons have emerged (fig. 11). It has · 
been noticed that the seeds of leafy spurge germinate through-
out the entire growing season whenever the moisture is suffi 
cient. Plants often may be seen around new straw stacks be-
fore frost indicating that many seeds germinate the same year 
they are produced. In this way the plant becomes established 
the year the seed is formed. Evidently the seed does not have 
an extended rest period. The seedlings are rather simple struc-
tures. The two cotyledons push up through the soil carrying 
the seed coats with them. The seedlings resemble those of the 
sunflower (fig. 11). 
WEIGHT OF SEEDS' 
In any lot of leafy spurge seeds there are generally some 
which are distinctly brown and others distinctly gray in color. 
The brown seeds were fully mature when collected while the 
gray ones were immature. From general observation it ap-
pears that the brown seeds are somewhat larger than the light 
colored ones. By separating the two into 25 seed lots and mak-
ing 10 determinatio~s, the average weight of the brown seeds 
was 78.7 milligrams while the gray seeds had an average weight 
of 63.5 milligrams. 
ABSORPTION OF WATER 
The next point was to determine whether the brown seeds 
absorbed water to a greater degree than the gray seeds. The 
seeds were placed in distilled water and allowed to remain for 
varying periods. At room temperature the seeds were lifted 
out of the water, dried quickly with filter paper, placed in 
weighing bottles and weighed. The percentage increase in 
weight is given in table 2. 
The data demonstrate that the brown seeds absorb water 
more rapidly than the gray. Furthermore, the germination of 
the brown seeds was higher. 
It was noticed that the seeds when placed in water usually 
floated on the surface. The seeds in this environment germi-
nated before those placed upon moistened blotting paper. This 
feature no doubt accounts for the fact that seedlings are first 
• Mr. E. O. Brown assisted with the absorption measurements of the Eu-
phorbia Esula seeds. 
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TABLE 2. PERCENTAGE INCREASE IN WEIGHT OF BROWN AND GRAY SEEDS 
OF EUPHORBIA ESULA WHEN PLACED IN DISTILLED WATER. 
Series 
Number seed -----.------------- per-
C~}or I Time in water (hours) I ~:~~~ 
36 I 60 72 96 I 120 14,4 240 . centage 
---1----'---
Brown 40.26149.14 44.64 56.03 ~~ 124 . 77 ---I. 
II. 
Gray 37.22 41.05 40.06 37.22 38.07 35.23 34.80 
----a61-5-5 - --9-3 -127 ----rn-------
Brown 25.75!31.47!52.49 94.77!130.381------ 76 
Gray 34.93 39.42 44.64 39.13 43.91 52 
noticed in the washed areas of a field. Ditch banks often carry 
leafy spurge plants before they are noticed elsewhere. 
TEMPERATURE RELATIONS 
In order to ascertain the optimum temperature for germina-
tion, samples of 25 seeds wore placed between moist blotters 
and in soil. 
At temperatures between 34 and 37° F., no germination of 
Euphorbia Est~la seeds took plaee when the seeds were placed 
either upon moist blotting paper or in the soil. At tempera-
tures between 64 and 68° F., 8 percent germinated upon moist 
blotting paper, while in soil 20 percent of the seeds grew. At 
temperatures between 82 and 88° F., 43 percent of the seeds 
grew upon a moist paper, while 24 percent grew in a soil 
medium. 
The results indicate a higher percentage of germination at 
higher temperatures for the seeds placed between moistened 
filter paper than in the soil. It is also noted that the highest 
germination occurs at the higher temperature. 
In germination, imbibition is naturally the first process which 
takes place. If the higher temperature brings about the higher 
percentage of germination, the absorption of water should cor-
respond in the same order. Fifty seeds of the same lot as be-
fore were weighed, placed in water at room temperature, then 
removed and quickly dried between filter paper and again 
weighed. The seeds were returned to water and weighings 
were made until no further increase in weight was obtained. 
The data have been tabulated in table 3. 
At temperatures between 34 and 37° F. the absorption in-
creases from 5.7 percent at the end of 2 hours to 38.0 percent 
at the expiration of 122 hours. The maximum absorption, 41.1 
percent, is found to take place at the end of 242 hours. There 
was a slow increase up to the end of 122 hours followed by a 
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decrease. After 242 hours the weight of the seeds dropped. 
At the end of 450 hours, the absorption had fallen to 31.3 per-
cent, which is lower than the reading obtained at the end of 
50 hours. At the other temperatures, 63 to 66° F ., 72 to 75° P . . 
and 82 to 88° F., the seeds increased in weight throughout the 
entire period, the maximum absorption taking place at the high-
est temperature used. It is evident that the higher tempera-
tures increase germination. 
ABSORPTION IN SOLUTION OF SODIUM CHLORATE 
In spraying to eradicate Euphorbia Esula, sodium chlorate is 
often used. It was thought that it might be of interest to know 
what action sodium chlorate would have upon the extent of ab-
sorption and subsequent germination. 
Twenty-five each of brown and gray seeds were placed in 
different concentrations of sodium chlorate and weighed at 
different times as in the previous study. The data secured 
have been tabulated in table 4. 
The data demonstrate that sodium chlorate retards imbibi-
tion, especially in the brown seeds. The maximum absorption 
does not nearly equal the maximum imbibition when water 
alone is used. Throughout there does not seem to be much dif-
ference between the percentage increase in weight in the several 
concentrations of sodium chlorate. There is for the entire 
series no germination. 
The fact that no germination occurs in any of the solutions 
indicates that chlorate solutions of concentrations even as low 
as .10 M, slightly above a 1 percent solution, are toxic to seeds 
when they are placed in such solutions. The seeds, of course, 
TABLE 3. PERCENTAGE INCREASE IN WEIGHT DUE TO ABSORPTION OF 
WATER BY SEEDS OF EUPHORBIA ESULA AT TEMPERATURES 
BETWEEN 34 AND 88° F. 
Time in hrs. 
Temperature in degrees Fahrenheit 
34 - 37 63 - 66 72 - 75 82 - 88 
2 5 .7 13 .3 14 .6 18 .9 
8 12 .7 28.8 29 .8 37.9 
24 25 .8 37.4 35.8 43.0 
50 36.6 41.5 38.2 44.5 
75 36 .3 48 .3 52 .0 45.3 
99 37.9 53 .6 57 .6 49 .0 
122 38.0 62 .3 68 . 2 63 . 1 
146 32.4 57.2 68.0 84.8 
170 32 .9 62.9 72 .9 103.9 
194 36 .6 71.2 78 .9 121.1 
242 41.1 100.7 82.9 170.3 
309 30 .8 119.4 88.5 210 .4 
450 ~1.3 168.9 204 .7 298.0 Germination 
in percent 0.0 20 .0 58 .0 67.0 
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TABLE 4. PERCENTAGE INCREASE IN WEIGHT DUE TO ABSORPTION 'hIGNG 
PLACE IN EUPHORBIA ESULA SEEDS WHEN PLACED IN VARIOUS 
CONCENTRATIONS OF SODIUM CHLORATE 
AT ROOM TEMPERATURE. 
Concen- Per-
tration Color Time in hours centage 
of sodium of 
--·-1--1-- germin-
chlorate seed 
_ 3_6 ___ 6_0 _1_7_2 _ __ 9_6 _ ~~I~ atioH 
. 10M Brown 32.56 34.99 30.50 29.53 29.53 29.30 
Gray 40 . 50 42 . 04 35.61 35.74 37.43 34.60 
. 14M Brown 36.85 38.8-8 34.05 32.27 33.67 31.00 35.0 0 
Gray 37.54 41. 50 36.83 35.98 36.54 32.44 0 
.18M Brown 35.08 37 . 58 34.58 33.33 33.33 30.46 31.0 0 
Gray 37.50 43 .26 39 . 47 38.48 38.06 37.08 0 
. 22M Brown 38.34 39.95 35.53 36.60 36.33 35.79 35.0 0 
Gray 39.23 42.39 39 . 51 39.78 41.29 38.27 0 
.50M Brown 32.44 31.97 31. 70 29 . 13 25.83 25.95 27.0 0 
Gray 33.19 37.83 36.67 36 . 52 34.64 34.93 0 
were placed under germinating conditions after they had been 
in the solutions for a considerable period. 
The practical application of this principle comes into effect 
here. Will the mature or immature seeds be killed when sub-
jected to the usual spray application of sodium chlorate ~ An 
attempt to answer this question was made. Seeds, both ma-
ture and immature, were gathered from plants which had been 
sprayed with 'sodium chlorate of the usual concentration of 1 
pound per gallon and from plants which had not been treated 
in any way. At the time the seeds were collected they were 
dry. The seeds were stored and later placed under germinating 
conditions. Three different lots collected at different times 
were used. Of the untreated seeds, 11 to 14 percent germinated 
in 6 days; of the mature treated seeds only 1 percent germi-
nated, while in the immature seeds there was a germination of 
3 percent. The immature seeds gave a higher germination than 
the mature seeds, but the germination of both the mature and 
immature seeds was exceedingly low. 
TOXIC EFFECT OF CALCIUM CHLORIDE AND SODIUM CHLORIDE 
As leafy spurge in Iowa is more abundant in the northwest-
ern part of the state where there is considerable loess soil rich 
in lime it was thought that leafy spurge is particularly "lime-
loving." Molecular solutions of various concentrations of cal-
cium chloride and sodium chloride were made. Seeds were left 
in these solutions for 240 hours at room t emperature, the manip-
ulations being the same as those given previously. 
It is noticed that seeds of Ettphol'bia Esula germinate in solu-
tions of calcium chloride of .10 molecular concentrations to .20 
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TABLE 5. PERCENTAGE GERMINATION TAKING PLACE IN SEEDS OF EUPHO,,-
BIA ESULA WHEN PLACED IN SOLUTIONS OF CALCIUM CHLORIDE 
AND SODIUM CHLORIDE OF VARYING CONCENTRATIONS. 
Color of seed I Concentration -~loMT~l2Mr~14MT~I~i8MT-:20MI .50M 
Calcium chloride 
Brown 32 44 48 8 I' 16 20 0 Gray 16 12 0 8 4 0 0 
Sodium chloride 
Brown 8 8 0 0 0 0 0 
Gray 8 8 0 0 0 0 0 
molecular concentration. The brown or mature seeds gave as 
high or higher percentages of germination throughout than the 
immature seeds. The percentage of germination in sodium chlo-
ride solutions was the same. No growth occurred in concentra-
tions of sodium chloride above .12 M. 
The data indicate that calcium chloride is not nearly as toxic 
as sodium chloride. Of course, germination in the weakest cal-
cium chloride solution was not as great as in distilled water 
where 76 percent of the seeds grew. 
SEED DISPERSAL BY BIRDS 
In any area of leafy spurge when seed setting is abundan1 
the mourning dove is usually present in rather large numbers 
It was thought that this bird might be a factor in dissemination 
In the digestive tracts of 14 birds the following seeds were 
found: 
TABLE 6. NUMBER AND KIND OF WEED SEEDS FOUND IN THE DIGESTIVE 
TRACT OF MOURNING DOVES. 
Time of Bird Location No. No. of 
examin- No. in diges- Kind of seeds germ-
stion tive tract seeds inating 
July 20, 1 Crop Euphorbia Esula 351 9 
1933 Gizzard Euphorbia Esula 23 0 
2 Crop Euphorbia Esula 95 23 
Gizzard Euphorbia Esula 9 9 
3 Crop Shot away 
Gizzard Euphorbia 8 3 
4 Crop Wheat 28 
Centaurea 248 
Setaria glauca 100 
Setaria viridis 134 
Euphorbia Esula 30 
Amaranthus retroflexus 3 
Undetermined 2 
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TABLE 6. CONTINUED 
Time of Bird Location 
I 
No. 
I 
No. of 
examin- No. in diges- Kind of seeds germ-
stion tive tract seeds inating 
Gizzard Setaria alauea 65 
Setaria viridis 10 
Intestines Setaria viridis 1 
Setaria glauca 4 
5* Crop Ambrosia !ri/ida 72 6 
Artemesia canadensis 1 
CentauTea 1 
Corn 1 1 
Barley 1 
Gizzard Ambrosia tri/ida 86 
Aug. 1, 6 Crop Euphorbia Esula 437 128 
1933 Ambrosia tri/ida 20 
Salsola Kali tenui/olia 1 
Corn 1 
Wheat 3 
Gizzard Euphorbia Esula 9 
Ambrosia !ri/ida 15 
7 Crop Euphorbia Esula 19 1 
Gizzard Euphorbia Esula 22 
Ambrosia !ri/ida 10 
Convolvulus aTvensis 1 
Aug. 7, 8 Crop Setaria glauca 73 
1933 Setaria viridis 128 
Gizzard Setaria glauca 68 
Setaria viridis 42 8 
Polygonum pennsylvanicum 31 
Intestines Setaria alauea 1 
9 Crop Ambrosia !ri/ida 10 
Euphorbia Esu.la 9 6 
Gizzard Destroyed 
10 Crop Setaria olauca 569 2 
Convolvulus sepium 2 
Convoz."ulu8 arvtnsis 1 
Amaranthus retro/lexu8 5 
Echinochloa crusgalli 1 1 
Sorghum 3 1 
M elilo!us alba 3 1 
Gizzard M elilo!uB alba 1 
Setaria glauca 54 1 
Euphorbia Esula 1 
Polygonum convolvulus 6 
Intestines Setaria glauca 1 
Setaria viridis 1 
11 Crop Convolvulus arvensis 3 
Setaria glauca 10 
Sorghum 1 
Gizzard Setaria glauca 13 
12 Crop Convolvulus arvensis 2 
Setaria olauca 21 
Sorghum 1 
Gizzard Setaria alauea 5 
13 Gizzard Ambrosia tri/ida 2 
Setaria alauea 10 
14 Crop Setaria glauca 
Considerable cracked corn 
8 
Gizzard Setaria glauca 4 
*No grit in crop. Seed coat coverings intact. Many hulls in intestines. No seed. 
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From the data obtained, it is evident that the mourning dove 
devours an enormous quantity of seeds. \:hen leafy spurge 
seed is abundant, birds appear to feed upon it almost exclu-
sively. In no case were there undigested spurge seeds in the • 
intestine. It is shown too that seeds taken out of the crop and 
out of the gizzard may germinate but the percentage is low. 
The conclusion that can be drawn from this study is that the 
mourning dove is beneficial in that he devours large quantities 
of leafy spurge seeds which are digested. This bird, then. is 
not responsible for the distribution of leafy spurge seed. 
THE ROOT SYSTEM OF EUPHORBIA ESULA 
A study of the anatomy of the root should, in part at least, 
explain why leafy spurge is such a persistent weed. Figure 13 
shows a sector of the root at 92 inches below ground level. Here 
the vascular elements consisting primarily of large pitted ves-
sels make up approximately half of the xylem of the root; the 
remaining tissues, woody fibers and xylem parenchyma in the 
pith rays are not pronoUll~ed at this depth. Surrounding the 
xylem is a heavy cortical layer containing large quantities of 
starch and covered with a layer of cork cells. In the older 
parts of the root (fig. 16), where xylem storage is more pro-
nounced, the vascular tissue does not form as large a propor-
tion of the xylem. Here the majority of the vessels are ar-
ranged in concentric rings just outside of each ring of storage 
parenchyma (fig. 14). This suggests that the early spring growth 
results in a ring of large vessels and that during later seasonal 
g-rowth the vessels are fewer in number. In this region of 
growth the vessels are more or less scattered but arc not essen-
tially smaller. In the storage parenchyma region, vessels sel-
dom occur. Though the vessels in the region of summer wood 
are fewer and scattered, they are seldom found as separate indi-
vidual vessels but occur as a spiral row of adjacent vessels be-
ing usually separated by pith rays. In this region of the root, . 
the rings of vessels and storage parenchyma are traversed 
radially by large numbers of pith rays and the entire root is 
alive and functional. 
The roots extend deeply into the soil. In the case of the plant 
illustrated in fig. 15, there were 18 roots which penetrated the 
soil to a depth exceeding 8 feet, and eif!ht roots which extended 
over 12 feet; the longest root attained a depth of 15 feet, 8 
inches. In this instance the lower parts of all the roots were in 
a stratum of soil constantly moist. This explains why Euph01'bia 
Esula is able to thrive. That this plant can and does make 
use of this available water from the lovver Eoil strata was illus-
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trated when the plant was 
dug. In removing this plant 
an excavation was made at 
one side of it and the dirt was 
removed from around the roots 
with an icc-pick. The surface 
feeding roots and rhizomes 
(figs. 15, 16, 17) were the first 
to be removed and soon the 
only source of water for the 
plant was that brought from 
the lower strata. In spite of 
the fact that one and a half 
days were consumed in the ex-
cavation, the leaves of the 
plant did not wilt, though the 
maximum temperature at the 
ground level was 122° F., 
while the temperature 15 feet 
below the surface was 58° P. 
The phloem and cortex form 
an enormous reservoir for 
food storage. The phloem ele-
ments themselves seem to be 
rather poorly developed for 
food translocation. The food 
stor age in this plant is not 
limited to the cortex, but the 
central cylinder is made up in 
par t of storage parenchy-
ma, which in the upper part 
of the root assumes the form 
of more or less regular annual 
rings. The age of the root of 
the leafy spurge can be esti-
mated in much the same way 
that the age of a tree may by 
the stem (fig. 18). The plant 
which was excavated was, ac-
cording to this criterion, 10 
Fig. 13. Sector of cross section 
of leafy spurge 92 inches deep, 
showing heavy deposit of starch. 
years old. 'In this case, however, the rings are not formed by 
differential growth of cells due to Eeason, but by the formation 
of a layer of storage parenchyma in which are deposited large 
quantities of strrch. With thl' double storage system the plant 
is enabled to survive long periods of shading or clipping and 
still have stored food available to start new and vigor011'3 
growth. 
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Adventitious buds are found when conditions are favorable. 
In the root of the plant buds were already developed to a depth 
of seven feet below the surface ; and from roots exposed in ex-
cavat in g other plant shoots developed at a depth] 0 feet below 
the gTound level and grew out into t he excavated area (fig. 
19 ) . From how far down such shoots might be able to reach the 
surfa~e was not determined. 
The deep root system enabling the plant to obtain moisture at 
low depths and the abundance of stored food in thc roots arc 
two important factors permitting survival of leafy spurge in a 
given habitat. 
------l1edu//dry td}} 
-------Annudl rir7J of storOJe 
parenchyma 
-------x y/em riny 
------Vesse/s 
-------Annual rlnJ of storaye 
parenchJma 
F ig. 14. Portion of cross sec tion of root of leafy spurge s howing va rious 
tissues. 
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FOOD STORAGE 
Curtis (6, 7), MaGon and Maf:kell (19, 
20), Crafts (5) have adequately trcatcd 
the question of translocation in hCl'ba-
ceous and woody plants so this mattcr 
necd not be discussed here. The effect 
of spraying or fallowing upon the stor-
age of food in subtcrrancan parts was 
given some attention. By mcans of mi-
cro-chemical tests of the root scctions, 
it is found that carbohydrates, fats and 
protcins are present. Naturally thc 
cm'bohyc1raies, in the form of starch, 
excced the other products (figs. 13, 14). 
Thc cffccts of two sprayings of sodium 
chlorate made Aug. 14 and Oct. 16, 
1931, and of fallowing from July 22 to 
Sept. 20, 1931, upoY] the amount of food 
storcd in the roots of lcafy spurge at a 
dcpth of 18 in chcJ at the time the plnnts 
werc lifted Nov. 13, werc determinc(] 
with the following recults : 
l;'rom the findings prescnted in tablc 
7 it is evident that fallowing produccJ 
a drain upon the material stored ill the 
roots. This method yielded considera-
ble success in 1933 in controlling leafy 
spurgc infcstation. In addition to fal-
lowing until frost the infest cd grou1ll1 
was again plowed in the spring, and thc 
spurge plants were kept from growing 
until the fore part of June when coy-
beans were plantcd. Although this 
Fig. 16. Section of rhizome 
showing development of aerial 
shoots. 
Fig. 15. Drawing of 
root system of leafy 
spurge showing depth. 
method did not elimin-
ate the spul'ge entire-
ly, there were approx-
imate~y 70 percent 
fewer plants than in 
the preceding season. 
The spraying' of leafy 
spurge with sodium 
chlorate when the plant 
first comes into blos-
som and again the fore 
part of September will 
completely eradicat-
ed it. . 
Amy (1) has shown 
recently that the total 
of readily available 
carbohydrates in the 
spurge reaches the 
low point for the sea-
son by the middle of 
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Fig. 17. Portion of root showing attach-
ment of rhizome. 
May. At this time the plants were beginning to bloom. Rapid 
storage of these materials followed for a time and continued at 
more moderate rates to the close of the season. '1'here was a 
marked decrease in the percentage of true starch and increase 
in sugars in the underground storage organs of leafy spurge as 
the temperature lowered in the fall. A decline in the total or-
ganic nitrogen occurred in the underground storage organs dur-
ing the early part of the season. The decline continued at more 
moderate rates to August after which increases occurred. 
Fig. 18. Cross section of root of leafy 
spurge. showing annual rings. 
I..JEAF OF EUPHORBIA 
ESULA 
The linear-shaped glos-
sy leaves have characters 
which are ' u :ually asso-
ciated with typical xero-
phytes in that the individ-
ual leaves have a rather 
small area and arc quite 
thick. The stem and leaf 
are also provided with a 
laticiferous system. The 
various tissues of the 
leaves are rather compact. 
There are two layers of 
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Fig. 19. Photograph showing young leafy spurge plants arising from root 
buds to a depth of 10 feet. The excavation was made to determine the extent 
of the root system of leafy spurge. (I. E. Melhus) 
palisade cells. The spongy parenchyma layer is unusually small 
in extent. There are well-developed epidermal layers on both 
the lower and the upper surfaces which are provided with 
a fairly thick layer of cutin (fig. 20). 
Stomata are found on both surfaces of the leaf, about 117 
per square millimeter on the upper mrface and 216 per square 
millimeter on the lower surface. The stomata are sunken so 
that they are just below the epidermal layer (fig. 21). This 
stomatal feature retards transpiration. The guard cells . ex-
amined Aug. 3, 1932, are not conspicuous; neither do they open 
and close perceptibly during the course of a day. 
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TABLE 7. FOOD STORAGE IN ROOTS OF EUPHORBIA ESULA FOLLOWING TWO 
SPRA YINGS OF SODIUM CHLORATE MADE RESPECTIVELY ON 
AUGUST 14 AND OCTOBER 16,1931, AND FALLOW-
ING FROM JULY 22 TO SEPT. 20. 
Stored Treated with Fallowed from 
food Control sodium chlorate July 22 
Carbohydrates Heavy deposit of starch; Small amount of starch Roots smaller than in 
(starch) in xylem rays, woody in xylem rays, heavy de- control and in scdium 
parenchyma, and cortex posi t of starch in cortex. chlorate treated plants. 
Smaller amount of 
starch in xylem rays and 
cortex. 
Proteins Considerable Considerable Considerable 
Fat COl)siderable Small amount Less than in chlorate 
treated. 
THE STEM OF EUPHORBIA ESULA 
While the stem of leafy spurge is herbaceous, it is of a very 
woody texture and the mature stems are almost shrubby. A 
transverse section of stem (fig. 22) shows a large central area 
of loosely arranged pith cells, surrounded by a large amount 
of secondary xylem. Unlike the roots, the xylem of the stem 
has comparatively little vascular tissue; it is arranged more or 
less radially in uniseriate groups, or in scattered vessels. The 
largest portion of the stem is made up of sclerenchymatous 
tissue in the form of wood cells. In fact, the whole secondary 
xylem is similar to that of a woody stem which accounts for 
the semi-shrubbery type of growth. The phloem consists of a 
narrow band ·just outside the cambium and [hows no conspic-
uous elements; just external to the phloem are found clumps of 
bast fibers. Between these bast bundles and external to them 
in the cortex arJ the large latex vessels which occupy such a 
conspicuous place in plants of this genm. The outer portion 
of the cortex is made up of several layers of (brick-shaped) 
a 
Fig. 20. L eaf of leafy spurge in .cross section: a.Cpper epidermis. 
cells which form a firm, im-
pervious outer layer further 
protected by the heavy cnti-
ele. 
THE LATEX SYSTEM 
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The branching non-sep-
tate system of latex tubes 
from which issues the milky 
juice when any part of the 
plant is cut or broken ex-
tends throughout the entire 
plant. In the cortex of the 
stem and upper root these 
tubes are large, and sur-
rounded by a sheath of liv-
ing parenchyma cells (fig. 
23.) They branch and the 
cnds of growing branchcs of 
latex tubes can be found in 
all rrrowinrr tissue, extending ~ ~ Fig. 21. Stomata of leafy spurge: between the other cells of the a. Upper surface. b. Lower surface. 
plant. According to Haber-
landt (12) the entire laticiferous system is developed fl'om 
a few initials in the embryo, and as the plant grows 
these tubes grow, pushing their way between the cells. 
The same author considers this system as a means of 
transport and storage of plant food. He contends that the ex-
tension of' the latex tubules into the palisade layers in the 
leaf, the composition of the latex, and the seawnal changes in 
the latex composition are evidences. 
SUMMARY 
Leafy spurge (Euphorbia Esttla L.), a perennial weed cam-
mon in northwestern Iowa, and in Delaware County in the 
northeastern part of the state, causes serious damage to crops. 
Leafy spurge is common in a number of other counties, but in 
certain cases where it has been known the longest there has not 
as yet been any [erious infestation. 
There is a heavy infestation of leafy spurge in eastern South 
Dakota, eastern North Dakota and southwestern MinneJota. 
Leafy spurge occurring in Iowa is Euphorbia Esttla L. rather 
than E1tphorbj'a virgata Waldst. and Kit. 
The fruit of leafy spurge is a capsule which contains three 
ovules and upon maturity the capsule bursts and forcibly ejects 
the Reens, scattering them to some distance. 
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Fig. 22. Stem of leafy spurge: a. Sector from highly magnified cross sec-
tion showing cortex, vascular portion and pith. b. Cross section, enlarged. 
The flowers are pollinated chiefly by insects, as the stamens 
mature after the pistil. The soldier beetle ( Chauliognathtts 
pennsylvanictts De. Gur.) is commonly found upon the flowers of 
leafy spurge. 
Fully mature seeds are brown in color while immature seeds 
are gray. The brown seeds are heavier and absorb water more 
rapidly than the gray seeds. 
Seeds float on water and 
germinate readily. They 
germinate best at tempera-
tures between 82 and 88° F. 
At this temperature inbibi-
tion is greatest. No germi-
nation took place at tem-
peratures between 34 and 
37° F. Seeds placed in so-
lutions of calcium salts ab-
sorb a greater amount of 
water than those in contact 
with sodium salts. Seeds 
when placed in solutions of 
sod i u m chlorate (.10M) 
failed to germinate. Seeds 
taken from plants which 
had been sprayed with so-
dium chlorate of concentra-
tion 1 pound to a gallon of 
water and then dried and 
later placed under germin-
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ating conditions, produced Fig. 23. Portion of lacticiferolls sys-
a germination of 3 per _ tern. 
cent. . 
Euphorbia Esula seeds are found in large numbers in the di-
gestive tracts of mourning doves of the region. In one case the 
crop held 437, the gizzard 22 seeds. Seeds taken from the crop 
germinated. Whole and viable seeds have been taken from the 
gizzard, but no whole or viable seeds were found in the intes-
tines. The mourning dove cannot be considered as an agent 
in disseminating leafy spurge seeds. 
The root system of leafy spurge may penetrate vertically 
more than 15 feet. Shoot buds have been found to a depth of 
10 feet. It is assumed that the age of a plant may be deter-
tcrmined by the rings of differential growth in the roots. 
Leafy spurge has an extensive food storage system in the roots. 
Roots taken from plants which have been sprayed and those 
from plants on fallowed areas show a small amount of . food 
storage. 
The leaves of leafy spurge possess typical xerophytic char-
acters. The stomata are sunken into pits or cavities. There 
are two layers of palisade parenchyma cells. 
Leafy spurge is provided with a well developed latex system. 
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